An isolate (Mira) of cytomegalovirus is shown to replicate in human embryonic lung fibroblasts at supra-optimal temperature (4o °C). The ability of the Mira isolate to grow at 4o °C decreased as a function of age of cells in which the virus was grown. The unusual morphology of the lesions in late passage cells infected and maintained at 4o °C is illustrated.
INTRODUCTION
It is shown here that an isolate of cytomegalovirus (Mira strain, see Methods) multiplies at supra-optimal temperature (4o °C). This observation contrasts with a previous report (G6ncz61, Vaczi & Boldogh, 1975) showing that a number of commonly used and serologically different strains of" cytomegalovirus did not grow at this temperature.
We report on this finding and describe the unusual morphological lesions induced at supra-optimal temperature.
METHODS
Virus. The Mira strain of virus was isolated about IO years ago by Dr G. Boue (Centre International de l'Enfance, Bois de Boulogne, 75016 Paris, France) from the blood of a newborn child who succumbed to severe generalized disease. Before entering our laboratory in 1974, the virus was passaged 2o times by transfer of infected cells to monolayers of uninfected W1 38 fibroblasts. Since then it has been passaged as cell-free inoculum ten times in human lung fibroblasts. The titre of the virus used for these experiments was 3"2 × IO 6 p.f.u./ml and the same stock was used throughout.
Cells. Human embryonic lung fibroblasts isolated in this laboratory from a 6.5-month-old embryo were used at passages 5 and 2o for infection. Virus was titred on the same cells at passages 5 to ~ 6. The growth potential of these cells declines rapidly at passage 2o when the doubling time goes from 3 days to one week or longer. All cells were grown in RPMI I64O medium + 8 % foetal calf serum (FCS) . No antibiotics were used except for the addition of 2 % Tylocine (Flobio) to the serum.
Infection. All cells were infected as confluent monoIayers with virus diluted in PBS containing Mg 2+ and Ca 2+ at pH 7 (complete PBS). Cells received either o'3 p.f.u, or I p.f.u./cell depending on experimental design. Virus was adsorbed for I h at either 37 °C or 4o °C. Cells were then washed twice with complete PBS, 4 ml growth medium was added and the cells were transferred to the temperature at which they were maintained for the next 7 days. Culture medium was changed on days I, 3, and 5 post infection (p.i.). Titration. At I, 3, and 8 days p.i., each culture supernatant was cIarified by centrifuging for IO min at 30oo rev/min and stored at -70 °C. The corresponding cells were rinsed once with complete PBS and 4 ml of growth medium containing serum were added to each culture. The cells were frozen and thawed twice in situ, the supernatant and broken cells were collected, centrifuged to remove cell debris and stored at -70 °C. Virus in the cells and in the supernatants of each culture were titrated separately according to the method of Wentworth & French (197o) using an 0"7 % agar overlay. Cultures were read 8 days later after IO % formalin fixation and staining with 0. 3 % methylene blue. Three dilutions were made for each titration and three plates were read for each dilution.
Electron microscopy. Infected cells were fixed for electron microscopy as shown in Table I . Cells maintained at 40 °C for 3 days p.i. were shifted down to 37 °C for a further 4 days (passage 20; o'3 p.f.u./cell). All cells were fixed in 5 % glutaraldehyde, post-fixed in OsO4 and embedded in Araldite. Sections were stained with uranyl acetate followed by lead citrate and examined in a Siemens Elmiskop I.
RESULTS
Cultures of early passage cells infected and maintained at 4o °C produced six logs of virus eight days after infection (Table 2) , with 4 logs of virus already detectable 3 days p.i. Development of virus within the cells and release of virus into the supernatant were very similar at 4o °C and 37 °C when early passage cells were used for virus growth.
Mira strain of CMV does not appear to replicate as well in late passage cells at 4o °C. This observation holds true regardless of the infecting dose used since late passage cells maintained at 37 °C produce the same amount of virus whether infected with o'3 p.f.u, or I p.f.u./cell (Table 2) .
Adsorption at both temperatures appears to occur equally well since cells adsorbed at 4o °C and then shifted down to 37 °C produced as much virus as those adsorbed and maintained at the latter temperature (Table 3 ). In addition, the relative titre of virus in the cells and supernatants at I day p.i. were the same irrespective of temperature (Table 2) .
Cell counts
Uninfected early and late passage fibroblasts which had been mock-infected with o.I ml complete PBS for I h and maintained at either 4o °C or 37 °C for 7 days were trypsinized and counted. The counts (Table 4) showed that cells maintained at 37 °C grew much better than cells at 4o °C, which remained almost stationary. 
Electron microscopy
Characteristic modifications of full infection and all the elements of normal virus assembly were observed in ceils grown at 37 °C (Fig. I ). Similar features were seen when infected cells which had first been maintained for 3 days at 4o °C were then shifted down to 37 °C m 44o Cytomegalovirus at supra-optimal temperature 441 m~l for four more days. The same was true for early passage cells infected and grown at 4o °C, In the nucleus of these cells all stages of virus replication could be seen in the characteristic reticular inclusion body (skein; Fig. 2 ). In the cytoplasm, the hypertrophied cell centre was filled with dense bodies and virus particles, both of which could also be observed in the extracellular spaces. Examination of late passage cells maintained at 40 °C revealed strikingly different morphological features which can be summed up as follows. 0 ) A paucity of virus within the skein material as compared to infected cells maintained at 37 °C and early passage infected cells maintained at 4o °C. An abnormal topographical distribution of clusters of Fig. 6 . Hypertrophied cell centre of a CMV infected cell maintained at 40 °C. The presence of diffuse granulation and large lysosomal elements in the cytoplasm contrasts sharply with the dense bodies characteristically observed in uninfected cells maintained at 37 °C (see Fig. I ). Magnification x ioooo. virus particles which were deposited outside the skein material (Fig. 3 compared to Fig. 2 ). These particles rarely showed dense cores. (2) The presence of numerous aberrant capsids which could be seen in the skein and in clear areas of the nucleus (Fig. 4) . (3) Frequent invaginations along the internal nuclear membrane with the formation of apparently empty vacuoles within the nucleus (Fig. 5a, b, c) . (4) The almost total absence of virus particles in the cytoplasm. None were seen outside the cells. (5) The characteristic dense bodies usually found in the cytoplasm of CMV infected cells were rare. For the most part the hypertrophied cell centres were filled with an assortment of lysosome-like elements, vacuoles and, within the matrix of the cytoplasm, dense granular deposits (Fig. 6 compared to Fig. I) were seen.
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DISCUSSION
The Mira strain of CMV grew in early passage cells to similar titres at 4 ° and 37 °C. This was not true, however, when the virus was used to infect late passage cells. While in such cells virus replication did occur, the titre was reduced to 1% of that produced at 37 °C, regardless of the dose of infecting virus used (0"3 or I p.f.u./cell). This difference would not seem to be due to adsorption differences since cultures adsorbed at 4 ° °C then transferred to 37 °C produced as much virus as those adsorbed and maintained at the latter temperature. In the electron microscope, no aberrant morphology could be seen in the cells (passage 20) infected and maintained at 4 ° °C for as long as three days before being shifted to 37 °C for another four days. Furthermore, titration of cells and supernatants I day p.i. at 37 or 4o °C did not show any striking differences, suggesting that adsorption was similar at the two temperatures.
The dependence of CMV replication on cellular DNA synthesis (St Jeor & Rapp, 1975 ) and on its capacity to induce host cell DNA polymerase (Huang, I975) would seem the most likely explanation for the results obtained here. Irrespective of the passage of cells used, non-infected cells were stationary at 40 °C as compared to 37 °C which in itself would serve to explain any differences in virus replication at the two temperatures. However, in early passage cells virus replicated to a greater degree than in late passage ceils at 4o °C. Induction of the necessary enzymes in late passage cells and/or greater sensitivity of such cells to supraoptimal temperatures could reasonably account for such differences.
Finally, the position of the majority of virus at the periphery of the skein and the lack of dense-cord particles raises the question as to the DNA content of these particles. According to Goodheart, McAllister & Filbert (I964) virus DNA synthesis occurs only in the skein. Most of the virus particles seen here are not in direct contact with the latter and particles associated with the skein are for the most part aberrant. It is possible that either the acquisition of DNA by the virus may not occur at the same sites as in cells maintained at optimal temperature or that the few dense-cored particles observed are enough to account for the infection virus recovered in the supernatant.
It should be noted that in late passage cells, dense body formation is also aberrant (compare Fig. I and 6 ). Since these dense bodies are known to contain structural and glyco proteins of the virus (Sarov & Abady, I975) , it is possible that virus assembly is incomplete or aberrant due to faulty production or lack of migration of the structural proteins necessary for virus completion.
In conclusion, we have shown that at least one isolate of CMV will grow at supra-optimal temperature. This growth is dependent on some host cell functions or induction of some host cell functions which diminish with the age of the ceils. In late passage cells maintained
